ABSTRACT
INTRODUCTION
Knowledge of herbs has been handed down from generation to generation in various communities for thousands of years. Recently, World Health Organization listed more than 20,000 medicinal plant species used globally and concluded that more than 80% of world's population relies on traditional herbal medicine for primary healthcare. 1 Chlorhexidine, a bisbiguanide has been the gold standard since 1940's because of its efficacy, substantivity, and antibacterial action. Woodcock presented the first review on chlorhexidine and stated it to be a broad
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spectrum antimicrobial effective against both Gram positive and Gram negative strains. 2 After single rinse with chlorhexidine, saliva itself exhibits antibacterial activity for about 5 hours and suppresses salivary bacterial counts for over 12 hours. Periodically repeating several rinses of chlorhexidine, reduced the number of aerobic and anaerobic species by 80 to 90%. Inspite of the varying advantages, chlorhexidine carries the disadvantage of being a chemical that cause altered taste sensation, staining of teeth and tongue when used for more than 15 days. 3 Thus, taking into consideration various disadvantages of chlorhexidine and the fact that the modern society is bent on use of natural derivatives for curing of ailments, our study was planned to compare chlorhexidine against two naturally derived extracts of Punica granatum and Achyranthes aspera.
Punica granatum or pomegranate is considered to be one of the three sacred fruits, along with citrus and peach, in Buddhism. All parts of the plant (flowers, leaves, fruits, barks and roots) are used for remedial purposes in Ayurveda, which considers Pomegranate as a 'pharmacy unto itself'. 4 Topical applications of pomegranate preparations have been found to be particularly effective for controlling oral inflammation, as well as bacterial and fungal counts in periodontal disease and Candida-associated denture stomatitis. 5 No clinical or histological toxic effects of Pomegranate have so far been reported in concentrations as high as 1,420 mg/day for 28 days. 6 Achyranthes aspera is an abundant indigenous herb of Asia, South America and Africa. Gokhale et al (2002) showed anti-inflammatory activities of A. aspera, in swiss albino mice and inbred wistar rats. This is due to presence of alkaloid, saponins and oleanolic acid. 7 The ayurvedic preparation done from this plant is called as apamarga taila and agnimukha. 19 In ancient times, fresh root of A. aspera was used as a toothbrush. Other uses of this mystical plant include treatment of corneal opacities, pneumonia, cutaneous rashes, snake bites and as an antiphlegmatic agent. Therefore, keeping in view the aftermaths of chlorhexidine and inspired by the kaleidoscopic uses of P. granatum and A. aspera our study aimed at comparing antibacterial effects of A. aspera, 0.2% aqueous chlorhexidine gluconate and P. granatum.
MATERIALS AND METhODS
The study was conducted in the Department of Pedodontics and Preventive Dentistry, Mahatma Gandhi Dental College and Hospital, Jaipur. Ethical committee approval, written consent from the guardian/parent and verbal consent from each child was obtained.
Subject Selection
A total of 60 children of 8 to 12 years of age were randomly allocated into three groups. Group A was given 0.2% chlorhexidine mouthwash, group B was given 10% A. aspera mouthwash and group C was given 15% P. granatum mouthwash after thoroughly scrutinizing for the inclusion criteria viz no history of antibiotic therapy, no concomitant fixed or removable therapy, absence of draining sinus or fistula, medical conditions, participation in other trials and complete acceptance of the treatment regiment by parent/guardian and the subject.
Clinical Methodology
The day 1 saliva samples were collected from the subjects and innoculated onto MSB agar. The colony counts were obtained by a clinical microbiologist who was blinded to the subject allocation. Plaque scores were then recorded by the investigator with the help of a volunteer. Following this, they received a thorough scaling and polishing using rotating cups with fluoride free prophylaxis paste, to achieve zero plaque score. Subjects in each group were then provided with 140 ml of the respective mouthwash, as a daily supervised rinse after breakfast and before sleeping as per instructions. Following mouth rinsing, the children were instructed not to eat or drink for 15 minutes. At the 7th day, unstimulated saliva was again collected from the subjects of all 3 groups, inoculated onto MSB agar and colony count was obtained. Modified Quigley-Hein Plaque index was also evaluated for the refreshed score at this stage. Colony counting was done using loop method and statistical analysis was done using SPSS software version 21.
Laboratory Methodology
Minimum inhibitory concentration calculation: Microbial type culture collection (MTCC)-890 strain (Streptococcus mutans) was obtained from MTCC and Gene Bank, Chandigarh for calculating the minimum inhibitory concentration (MIC) of the test mouth rinses, i.e. A. aspera and P. grantum. Microbial type culture collection 890 strain was infused in trypton soy broth. The broth was incubated aerobically at 37°C for 48 hours under 5 to 10% CO 2 , after which coagulum was seen confirming the growth. The growth was transferred with the help of sterile spreader to trypton soy agar plate. Whatmann's paper was taken and 10 disks were autoclaved. After autoclaving, each of the paper was dipped in different concentrations of A. aspera and P. grantum to evaluate minimal inhibitory concentration; which were 15, 25, 50, 75 and 100% concentrations of P. granatum and A. aspera. The plates were then incubated aerobically at 37°C for 48 hours under 5 to 10% CO 2 for evaluation of inhibitory zones for each group. It was found that 10% A. aspera and 15% P. granatum were the minimum concentrations required for antimicrobial activity.
Preparation of the mouthwashes: The mouthwashes were prepared under the guidance of the Associate Professor of Pharmaceutical Sciences at the Central Research Laboratory of Mahatma Gandhi Medical College, Jaipur.
Ten percent A. aspera: The roots of A. aspera were shade dried for 7 days and grounded in mortar and pestle to a powdery mixture. The powder was then boiled in distilled water till the formation of thickened slurry and mix was filtered. Glycerin and Pudin Hara, a commercially available pudina extract were added as sweetening and flavoring agent respectively. Finally, 140 ml was measured using graduated beaker and dispensed in each bottle.
Fifteen percent P. granatum: Fresh pomegranates peels were shade dried for 4 days. The peels were then grounded to fine powder. Distilled water was then added to powder with continuous stirring and boiled till the formation of a viscous mix which was then filtered. To the filtrate, glycerin as a sweetening agent was added. The solution was cooled, 140 ml was measured using graduated beaker and dispensed in each bottle.
Microbial assessment: Each of the collected samples was vortexed for 30 seconds to ensure a uniform sample prior to dilution and plating. The salivary S. mutans colony forming units of baseline and post intervention (7 days) were compared. For each sample 1 ml of saliva was taken and diluted tenfold with normal saline. The inoculation loop of 4 mm diameter was taken as standard amount of S. mutans present in 0.01 ml of child's saliva. The media used in this study for culturing salivary S. mutans was MSB agar. The growth from each of the dilutions was spread onto agar plate using sterile spreader. The plates were then incubated aerobically at 37°C for 48 hours under 5 to 10% CO 2 . To avoid bias, all the plates were then processed and examined by the same investigator. At the end of 48 hours colonies were observed on the agar plates, which were spherical, raised and convex in shape, ranging from a pinpoint to pinhead size with rough surface, in all the three groups on first and the seventh day. Identification of S. mutans was confirmed by Gram's staining of smear and microscopy followed by catalase test, antibiotic sensitivity testing and by regrowth on blood agar. The colony count on each plate was recorded and mean colony forming units (CFU/ml) was determined after multiplying the colony count of each plate with its respective dilution factor. Gram staining, catalase test, antibiotic susceptibility test and growth on blood agar test were the confirmatory tests employed for S. mutans. Table 1 and Graph 1 show comparison of baseline amount of S. mutans using ANOVA. It was elicited that, the difference of S. mutans count in preintervention samples was statistically insignificant (p > 0.05). Also, comparing the mean values after 7 days showed that the amount of S. mutans reduction in the groups A, B and C were statistically insignificant, which means that all three mouthwashes reduced the amount of salivary S. mutans with equal efficacy (p > 0.05). Chlorhexidine group resulted to be statistically highly significant, Henceforth it was concluded to have a marginally better action in the reduction of S. mutans count as compared to A. aspera and P. granatum. Table 2 depicts comparison of plaque index at baseline value using Mann-Whitney U test. It shows that the baseline values for plaque index among the three groups were similar (p < 0.05). Table 3 elicits comparison of plaque index after 7 days using Mann-Whitney U test. It was observed that the plaque index was significantly reduced in all the three groups, but on inter group comparison the reduction of one group from any other was statistically insignificant. Therefore, it can be concluded that all the three mouthwashes are equally efficient in reducing plaque score after 7 days (p < 0.05).
RESULTS
DISCUSSION
Long-term use of chlorhexidine mouthwash results in alteration of taste sensation, tooth staining, and desquamation or soreness of oral mucosa. 3, 8 It has been proved that triclosan application results in development of resistance in bacteria and allergic contact dermatitis.
9,10
Cetylpyridinium chloride mouthwash has been found to cause tooth staining and burning sensation. 11 These adverse outcomes probed us to study natural products for maintenance of oral hygiene. Socransky and Haffajee in their article explain Biofilm as a relatively ill defined microbial community associated with a tooth surface or any other hard nonshedding material, randomly distributed in a shaped matrix or glycocalyx. 12 An important characteristic seen in Biofilm-associated bacteria is Quorum sensing, or cell density mediated gene expression. This involves the regulation of expression of specific genes through the accumulation of signaling compounds that mediate intercellular communication. Quorum sensing may give biofilms their distinct properties. For example, gene expression for antibiotic resistance at high cell densities may provide protection. It also has the potential to influence community structure by persuading the growth of species beneficial to the biofilm and dissuading the growth of competitors. 13 Another important characteristic of biofilm syndicated bacteria is the gene transfer through which bacteria communicates with each other. In S. mutans, quorum sensing is mediated by competence stimulating peptide, wherein genes are responsible for multiple functions like biofilm formation, acid tolerance and competence 14 ergo the control of biofilm will control the oral microbiota. Baker (1993) states that it should be able to waive plaque bacteria in hard to reach areas, palatable, cost effective, easy to use and adequate penetratibility to the diseased site. 15 Loe et al and Van der Fehr et al conducted a study in which they confirmed that under extreme experimental conditions gingivitis and enamel caries were induced in healthy young adults within 3 weeks. 16, 17 The same team then studied the effect of 0.2% chlorhexidine mouth rinse and found absence of gingivitis and caries. 18 As a result, mouthwashes are widely used for their placating and antimicrobial activity. 19 Conventional mouthwashes have been found to be associated with several side effects viz altered taste and mucosal erosions. Essential oil rinses have also been evaluated and shown to be of value as an adjunct to mechanical oral procedures. However, the alcohol content of essential oil rinses and their unpleasant taste is unacceptable to some patients. 20, 21 So, the search for an effective, ideal and safe antiplaque agent led us to execute this study to compare 0.2% chlorhexidine, A. aspera and P. granatum mouthwashes on S. mutans levels, in children of age groups 8 to 12 years. Dental caries is a simple process in concept, but complicated in detail and microbes are a vital cog in the wheel of this process. Detection and quantitation of microbes is necessary to understand the disease process. Mouth mirrors and probes provide assistance in diagnosis of dental caries, caries activity and prediction test can tell the expected number of new lesions per year, but the exact quantification cannot be done without molecular methods (DNA/RNA hybridization) or microbiological procedures. Conventional culture has been employed since long for detection and quantitation of microbes and if the strict adherence to procedures is followed, such as sterile lab conditions, strict anaerobic/aerobic protocols maintained, than conventional plating and enumeration produces predictive results. In this study, microbiological and clinical correlation was done by assessing S. mutans count and plaque index. Clinically, plaque formation was measured using Turesky-Gilmore-Glickman modification of Quigley-Hein plaque index. Quigley G and Hein J in 1962 reported a plaque measurement index that focused on gingival third of the tooth surface. 
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They examined only the facial surfaces of the anterior teeth using basic fuschin as disclosing agent. Turesky S, Gilmore ND and Glickman I modified this index in 1970. They redefined the scores on gingival third and used 1 to 5 scoring to estimate the area of tooth covered with plaque (Table 4 and Fig. 1 ). 22 Many different culture media have been used to examine S. mutans from saliva samples (Dasanayake et al, 1995) . 23 The most commonly used culture media has been mitis salivarius bacitracin (MSB) agar, trypticaseyeast-extract-cysteine-sucrose-bacitracin agar (TYCSB), and glucose-sucrose-potassium tellurite-bacitracin agar (GSTB). Dasanayake et al (1995) compared MSB and GSTB media to identify a suitable method of assessment of mutans streptococci for epidemiological studies and to provide a basis for adjustment of estimates when comparing results across the studies. Of the two culture media they compared, MSB was proved to be more sensitive because the glucose-sucrose-potassium telluritebacitracin agar (GSTB) medium failed to detect mutans streptococci in about one half of the individuals in whom mutans streptococci were detected with MSB medium. 23 Mitis salivarius (MS) agar was one of the first media to be developed as a selective medium for culturing the streptococci species in general. 24 Later it was used to identify S. mutans based on the unique appearance of the colonies grown on mitis salivarius agar. 25, 26 However, extensive serial dilution was needed to reduce the numbers of other streptococci and to isolate S. mutans. Also high levels of other streptococci and enterococci interfere with the growth of S. mutans on mitis salivarius agar, and result in false negatives results. The addition of 0.2U/ml bacitracin to mitis salivarius agar led to an improved medium (MSB) with high selection of S. mutans and the addition of 1% potassium tellurite makes the identification of S. mutans simpler by coloring the colonies deep blue. Therefore, MSB agar with 1% potassium tellurite and 0.2U/ml bacitracin was used for culturing S. mutans. The children of 8 to 12 years were selected for the study as globally the weighted mean of DMFT among this group is 1.67 (2011) and in South East Asian countries the increase in DMFT is from 1.12(2004) 
Toxicology, Safety and Side Effects
Chlorhexidine: The cationic nature of chlorhexidine minimizes absorption through the skin and mucosa, including from the gastrointestinal tract and it, therefore, displays very low toxicity (oral LD50 is 1800 mg/kg and the intravenous LD50 is 22 mg/kg). Systemic toxicity from topical application or ingestion is, therefore, not reported, nor is there any evidence of teratogenicity in animal model. Chlorhexidine gluconate is in the FDA pregnancy category B. There is no evidence of any adverse effects on the fetus arising from the use of chlorhexidine digluconate during pregnancy or lactation. In oral use as a mouth rinse, chlorhexidine has been reported to have a number of local side effects. These side effects are as follows: 3 • Brown discoloration of teeth and some restorative materials and the dorsum of tongue.
• Taste alteration where the perspective of salt taste appears to be preferentially affected to leave food and drinks with a rather bland taste.
• Oral mucosa erosion: This appears to be an idiosyncratic reaction and concentration dependent. Dilution of 0.2% formulation to 0.1%, but rinsing with the whole volume to maintain the dose usually alleviates the problem.
• Unilateral or bilateral parotid swelling is an extremely rare occurrence.
• Enhanced supragingival calculus formation: This effect may be due to precipitation of salivary proteins on to the tooth surface, thereby increasing pellicle thickness and or precipitation of inorganic salts on pellicle layer.
• Chlorhexidine also has a bitter taste which is difficult to mask completely. Punica granatum: No adverse effects have been reported on consuming pomegranate and its constituents, since time immemorial. Additionally, animal studies have failed to report any toxicities at doses conventionally used in the conventional system of medicine. 28 Even the histopathological analyses of pomegranate extract punicalagin were devoid of any toxic findings. 29 Human trials using doses of pomegranate fruit extracts up to 1,420 mg/day (870 mg gallic acid equivalents), for 28 days, did not report any adverse changes in blood or urine laboratory values. 6 Another study in 10 patients with carotid artery stenosis demonstrated that P. granatum juice consumption (121 mg/L EA equivalents) for up to 3 years had no toxic effect on the blood chemistry analysis for kidney, liver and heart function. 30 Achyranthes aspera: No adverse effects have been reported so far after its use as aqueous mouthwash.
Comparison of baseline amount of S. mutans, in all the three groups using ANOVA elicited that, the difference in preintervention salivary S. mutans levels in between the groups was statistically insignificant (p > 0.05). Similarly, on comparing the mean values after 7 days, showed the difference of S. mutans reduction among the three groups to be statistically insignificant, which means that all three mouthwashes reduced the amount of salivary S. mutans with equal efficacy (p > 0.05), but since the results of chlorhexidine group was statistically highly significant, it has marginally better action over A. aspera and P. granatum. The results were in accordance with those obtained by Biswas et al (2014) 31 who compared chlorhexidine and herbal mouthwashes for reduction in bleeding on probing, plaque and gingival scores.
CONCLUSION
The study concludes that:
• Efficacy of chlorhexidine, A. aspera and P. granatum against S. mutans was statistically significant with chlorhexidine being marginally better than the other two • All the three mouthwashes were found to be at par for plaque index values after 7 days • Punica granatum was found to have a better antimicrobial effect than A. aspera. This study was a 7 days study and from the results it can be concluded that even a short-term use of mouthwashes causes a significant reduction in S. mutans count and plaque index scores. The natural agents like A. aspera and P. granatum can have beneficial effects. Further research must be focused on these natural agents as compared to their chemical counterparts.
